Trial to show the impact of nicorandil in angina (IONA): design, methodology, and management
1
Approximately eight new cases per 10000 of the population present to the National Health Service (NHS) every year, 2 approximately half of whom visit their general practitioner first. The average age of presentation is 60 years in men and 67 years in women. 3 Although there has been a decline in age specific coronary heart disease deaths in most western countries over the past 15 years, there is significant morbidity and mortality associated with this condition. One in eight deaths worldwide and one in four in the UK are attributable to coronary heart disease, such that in 1995 there were 133 000 deaths in England and Wales from this cause. 4 About one quarter of patients presenting with their first myocardial infarct have a history of angina. The effect of medical treatment on outcome in angina is uncertain. With the exception of ß blockers in survivors of myocardial infarction, [5] [6] [7] [8] no other specific antianginal treatment has been shown to improve out-come, although other treatments-including aspirin, 9 angiotensin converting enzyme inhibitors, 10 and lipid modifying agents [11] [12] [13] [14] -have been shown to reduce the risk of cardiovascular events in particular subgroups of subjects with coronary heart disease.
Nicorandil has been marketed in Japan since 1984 and is currently licensed in the UK for the prevention and long term treatment of chronic angina pectoris. Antianginal efficacy and safety comparable to that achieved with conventional oral nitrates, 15 16 ß blockers, [17] [18] [19] [20] and calcium antagonists [21] [22] [23] [24] have been demonstrated in double blind randomised studies. Nicorandil is a nicotinamide ester with potassium channel opening properties. The nitrate component dilates systemic veins and epicardial coronary arteries. The consequent dual mechanism of action leads to relaxation of both arterial and venous smooth muscle. The potassium channel opening activity is responsible for dilatation of peripheral and coronary resistance arterioles. Nicorandil consequently increases coronary blood flow and reduces both cardiac preload and afterload. [25] [26] [27] [28] During ischaemia leading to cellular hypoxia, the decreased cytoplasmic adenosine triphosphate (ATP) concentration induces a significantly increased efflux of potassium through the ATP dependent potassium channels. The resulting hyperpolarisation leads to electrical and contractile shut down of cells in the ischaemic Impact of nicorandil in angina www. heartjnl. com area. 29 ATP is conserved, maintaining cellular integrity through the preservation of vital intracellular metabolic functions. This may represent a natural myocardial protective mechanism. 30 
Figure 1 Visit schedule.
Cardioprotective properties have been demonstrated in animal models of myocardial infarction. The role of potassium channels in this form of protection has been proven during studies that use the technique of ischaemic preconditioning. 31 32 The mechanisms involved in ischaemic preconditioning may also explain the clinical effects seen following sequential coronary artery occlusions during percutaneous transluminal coronary angioplasty (PTCA) procedures, and the clinical phenomena of warm up angina and myocardial Stunning. 33 34 A recent pilot study showed a reduction in the incidence of supraventricular and ventricular tachycardias in patients with unstable angina who were taking nicorandil when compared with placebo. A reduction in transient myocardial ischaemia was also shown. 35 The impact on life events of these putative mechanisms of benefit will be assessed for the first time in the IONA (impact of nicorandil in angina) study.
Study design

STUDY SUBJECTS AND RECRUITMENT
More than 5000 subjects who had angina of effort and for whom further treatment was appropriate have been randomised into a double blind trial to receive nicorandil or placebo on top of standard antianginal treatment. The angina of effort could be recently diagnosed or chronic. Standard background antianginal treatment was not specified but was to be optimal treatment as judged by the investigator for the individual patient. Subjects were recruited in more than 200 trial centres in hospitals and general practices throughout the UK.
The study recruited men (aged ≥ 45 years) and women (aged ≥ 55 years), with evidence of stable angina of effort, who also required regular treatment with one or more symptom relieving oral antianginal drugs (long acting nitrate formulation, ß blocker, or calcium channel blocker) and had experienced at least one of the following:
• previous myocardial infarction; • previous coronary artery bypass graft; • coronary heart disease proven by angiography or a documented positive exercise test (≥ 1 mm ST depression) in the previous two years.
The last of the three inclusion criteria was required to be accompanied by at least one of the following: left ventricular hypertrophy on ECG (tall R in aVL, SV1 + RV6 > 35 mm, lateral T inversion); evidence of left ventricular dysfunction (ejection fraction ≤ 45% or end diastolic dimension > 5.5 cm); age ≥ 65 years; diabetes (types I or II); hypertension (treated, and/or systolic blood pressure > 160 mm Hg or diastolic blood pressure > 95 mm Hg); documented evidence of other vascular disease (stroke, transient ischaemic attack requiring hospital admission, peripheral arterial disease).
The strategy of recruiting subjects with clearly established coronary heart disease or a positive exercise test with additional risk factors was adopted to ensure that the study would recruit a group of subjects who were at high risk of suffering a primary end point during the period of randomised follow up.
Patients with any of the following were excluded: • known drug or alcohol abuse. All subjects provided written informed consent before inclusion in the study.
STUDY VISITS AND FOLLOW UP
Subjects were randomised to nicorandil 10 mg twice daily or matching placebo; after two weeks, in subjects tolerating the initial treatment the dose was increased to 20 mg twice daily or matching placebo. At eight weeks after randomisation, there was a visit to ensure tolerability and encourage compliance. At this visit there was an opportunity to down titrate if appropriate. Thereafter, study visits will be scheduled at 16 week intervals to a maximum of three years and a minimum of one year. A study closedown visit will be conducted for each subject at the end of the study. The visit schedule is depicted in fig 1. All subjects will be followed until study closedown, independently of their compliance with the study drug administration schedule.
METHODS OF ASSESSMENT
Prerandomisation
Written informed consent was obtained. Before randomisation, data were recorded on age, sex, height, weight, blood pressure, heart rate, smoking status, medical history (vascular disease, diabetes, hypertension, cancer, chronic and ongoing illnesses), and concomitant drug treatment. Anginal status was assessed using the Canadian Cardiovascular Society functional classification of angina (CCSF). At baseline a 12 lead ECG was recorded. In a substudy involving approximately half the subjects) a blood sample was taken for subsequent assessment of cholesterol and serum markers of infection and genetic polymorphisms. Inclusion and exclusion criteria were checked. Randomisation was completed by a call to a central interactive voice response system and the study preparation was issued.
Two week assessment
Compliance will be assessed and serious adverse events documented.
Eight week assessment Compliance will be assessed and serious adverse events documented.
Sixteen weekly assessments
At all visits, compliance will be assessed and serious adverse events documented, anginal status will be assessed using the CCSF classification of angina, and concomitant drug treatment documented. At the third, sixth, and ninth 16 week assessment a 12 lead ECG will be recorded.
Closedown assessment
In addition to data collected at the third, sixth, and ninth 16 week assessment visits, blood pressure will also be recorded.
Occasional data collection
In addition to the data collected routinely at study visits, case report forms will be completed to document permanent discontinuation of the study preparation, serious adverse events, and study end points.
A serious adverse event is any event that is fatal, life threatening, requires or prolongs hospital admission, or results in persistent or significant disability or incapacity; a congenital anomaly or birth defect; a development of cancer; a drug overdose or drug abuse; or an important medical event.
Important medical events are those that may not be immediately life threatening but are clearly of major clinical significance. They may jeopardise the subject and may require intervention to prevent one of the other serious outcomes. In particular, these events will be taken to include all cases of stroke or myocardial infarction whether they involve hospital admission or not. Study critical events will be a subset of the serious adverse events, will be documented in greater detail, and will provide the study end point data.
Subject flagging with national registries
All subjects will be flagged with the national registries for death in Scotland, England and Wales, and Northern Ireland and, in Scotland, with the Scottish record linkage project for mortality, hospital admissions, and incident cancers.
STUDY END POINTS
The primary end point of the study is the combined outcome of coronary heart disease death, non-fatal myocardial infarction, or unplanned hospital admission for cardiac chest pain. The secondary end point is coronary heart disease death or non-fatal myocardial infarction. Other outcomes to be reported will include all cause mortality and death from specific causes, all cardiovascular events (cardio-vascular mortality, non-fatal myocardial infarction, non-fatal stroke, transient ischaemic attacks requiring hospital admission, and unplanned hospital admission for cardiac chest pain), cardiovascular hospital admission, cerebrovascular events (fatal and non-fatal stroke or transient ischaemic attacks requiring hospital admission), all cause hospital admission, and worsening of anginal status as assessed from the CCSF classification of angina or unplanned hospital admission for cardiac chest pain. Formal definitions of the study end points are given in appendix I.
STATISTICAL METHODS
Sample size
In a small community based study, Ghandi and colleagues estimated that approximately 26% of newly diagnosed subjects with angina would have a coronary event (cardiac death, non-fatal myocardial infarction, or coronary revascularisation) after one year. 36 However, many of these subjects may have been candidates for early revascularisation. At the other end of the spectrum, in a similarly sized group of hypercholesterolaemic subjects being treated for angina at baseline in the WOSCOPS (west of Scotland coronary prevention study) trial, 37 approximately 26% died of coronary heart disease or had a non-fatal myocardial infarct after five years of follow up. In the ACIP (asymptomatic cardiac ischaemia pilot) study of subjects who were positive on exercise test and ambulatory monitoring and who were considered suitable for revascularisation, an estimated 17% had an event within one year in the "ischaemia guided medically treated" group. 38 In the TIBET (total ischaemic burden European trial) 39 and ASIST (atenolol silent ischaemia) 40 studies, the event rates were approximately 7% at one year. In TIBET, all the subjects had chronic stable angina and a positive exercise test, while in ASIST the subjects had either mild or no angina but were positive on exercise test and ambulatory monitoring. Given the increasing use of HMG CoA reductase inhibitors in this patient group, event rates may be lower than has previously been seen in this type of study population. However, with the inclusion of subjects with newly diagnosed angina of effort and those with other risk factors, it might be reasonable to assume a 13% event rate after an average of 21 months of follow up in the combined end point of coronary heart disease death, non-fatal myocardial infarction, or unplanned hospital admission for chest pain. On the basis of these assumptions, a study of 5000 patients with 8750 subject years of follow up will give 95% power (5% significance level) to detect a 25% reduction in the primary end point event rate (and 80% at the 5% level to detect a 20% reduction). Similarly, an 8% event rate for the combined end point of coronary heart disease death or non-fatal myocardial infarction would yield 80% power (5% significance level) to detect a 25% risk reduction.
Statistical analysis
All end points will be evaluated on an intention to treat basis as the primary analysis. The results for the primary and secondary end point will also be reported on the basis of an on-treatment analysis. All end points with the exception of worsening of angina will be analysed using survival analysis methodology. For each end point, the outcome for analysis will be taken to be the time to first occurrence of the event of interest or the end of study follow up, whichever comes first. The date of occurrence of silent myocardial infarction will be taken to be the midpoint between the dates of the diagnostic ECG and the previous ECG. Event rates in the two treatment groups will be compared using the log rank test. Risk reductions will be calculated in the form of hazard ratios from the Cox proportional hazards model, with treatment fitted as the only covariate. Additional analyses will be conducted to investigate the predictive value of, and possible interaction with, treatment of the following risk factors recorded at baseline: age, sex, history of myocardial infarction, history of coronary artery bypass graft, history of hypertension, history of diabetes, left ventricular hypertrophy on ECG, evidence of left ventricular dysfunction, and smoking status. Deterioration in angina will be defined as an occurrence of hospital admission for cardiac chest pain or a worsening of the CCSF classification of anginal status. Outcomes will be compared between treatment groups using a χ 2 statistic.
STUDY COORDINATION AND MANAGEMENT
The study is coordinated by an independent statistical and data centre, and is directed and overseen by committees made up of independent experts. These committees consist of a scientific steering committee headed by the study chairman, a data and safety monitoring committee, and a critical events committee. The responsibilities and activities of these commit-tees and coordinating groups are described below. Committee memberships and other key members of the IONA study group are listed in appendix 2.
Coordination and data centre
This centre is in the Robertson Centre for Biostatistics, University of Glasgow. The centre contracts with study trial centres, receives all study data, is responsible for all aspects of data management, investigator reimbursement, and generation of reports for key committees, provides clinical and other advice to trial centres, and will conduct all statistical analyses for study publications.
Trial centre monitoring
The activities of the trial centres and adherence to the principles of good clinical practice are monitored by staff from Ingenix Pharmaceutical Services.
Scientific steering committee
This committee is responsible for the protocol and other aspects of the study design, and approves all study documentation and procedures.
Data and safety monitoring committee
This committee is responsible for the ongoing review of the safety and end point data of the study. The data and safety monitoring committee reports to the scientific committee which has the ultimate authority and responsibility for stopping the study prematurely. The data and safety monitoring committee will be responsible for reviewing, for evidence of harm, serious adverse event data and withdrawals from treatment with study preparations. The data will be considered from both clinical and statistical viewpoints. Three interim analyses will be carried out to test for evidence of efficacy, after approximately 25%, 50% and 75% of the target patient years of follow up have accrued.
Overwhelming evidence of benefit for the primary end point or all cause mortality (p < 0.001) will be required for the data and safety monitoring committee to consider a recommendation of early stopping of the trial to the scientific steering committee.
Critical events committee
This committee is responsible for reviewing and validating all critical event data according to the formal definitions given in appendix 1.
Discussion
In the third quarter of 2000, the IONA study achieved its first target of randomising more than 5000 subjects. The number of subjects recruited was approximately equal in general practice and in hospital centres. The strategy of recruiting both in general practice and in hospitals is important as it will ensure that the results of the study will have the widest applicability. Nitrates, ß blockers, calcium channel blockers, and nicorandil all provide important symptomatic relief for angina of effort. With its large population of high risk subjects with angina of effort, IONA will provide important information on whether or not nicorandil, on top of standard treatment, provides additional benefit in terms of the prevention of major cardiovascular outcomes. In addition to the important information to be obtained from the comparison of the randomised treatment groups, the long term follow up of the IONA recruits will provide important information on prognosis for patients who are medically managed in the UK. The final study visits will be completed in the third quarter of 2001 and the results of the study will be made available as soon as possible thereafter .
The IONA study is sponsored by Merck Pharmaceuticals Ltd, Aventis Pharma Ltd, and Chugai Pharmaceutical Co Ltd.
Appendix 1
End point definitions to be used by the critical events committee (unless otherwise indicated)
1. Miscellaneous definitions
Hospital admission
An admission to hospital is defined as any attendance at hospital requiring completion of the hospital admission procedures and usually at least an overnight stay.
Unplanned admission
Unplanned admission is defined as an emergency or other urgent, non-elective admission precipitated by general practitioner (GP) referral or self referral to an accident and emergency department, urgent GP referral to hospital in some other way, emergency call to the ambulance service, or urgent admission from a hospital outclinic. The admission must be precipitated by a need for urgent investigation or treatment which cannot be provided on an outpatient basis and which cannot be deferred on an inpatient basis.
Non-fatal events
Events not leading to hospital admission
Silent myocardial infarction
An ECG, at an annual or at an unscheduled visit, that is diagnostic of myocardial infarction (new Q waves ≥ 0.04 ms in duration in at least two consecutive leads) and which was not evident on the previous ECG.
Stroke
All strokes will be counted as events whether occurring spontaneously or directly as a consequence of an I investigation/procedure/operation. A stroke will be diagnosed if both of the following criteria are fulfilled: 
Fatal events
All cause mortality
This will consist of all deaths.
Cardiovascular deaths
A cardiovascular death will be defined as either a coronary heart disease death meeting the definition below, or other cardiovascular death-for example, a stroke, ruptured aortic aneurysm, or pulmonary embolism.
3.2.1 Coronary heart disease deaths All deaths shall be considered coronary heart disease unless an unequivocal non-coronary heart disease cause can be established. Coronary heart disease deaths will include sudden deaths, death due to myocardial infarction, death due to heart failure, death due to a cardiac investigation /procedure /operation (procedure related death).
3.2.1.1. Sudden death-Deaths fulfilling any one of the following criteria: (a) witnessed and instantaneous, without new or worsening symptoms; (b) witnessed and preceded or accompanied by symptoms attributable to myocardial ischaemia but without other new or worsening symptoms; (c) witnessed and preceded by symptoms attributable to a cardiac arrhythmia-for example, syncope or near syncope; (d) patients resuscitated from cardiac arrest in the absence of worsening heart failure or other causes of death, including acute myocardial infarction, and who die within 24 hours or without regaining consciousness; similar patients who die despite attempted resuscitation; (e) unwitnessed death in the absence of worsening heart failure or other causes of death.
3.2.1.2. Death from heart failure-Death occurring when at least one of the following is present in the 48 hours before death: (a) new or increasing symptoms and/or signs (including worsening renal function) of heart failure requiring the initiation of, or an increase in, treatment directed at heart failure or occurring in a patient already receiving maximum treatment for heart failure; (b) heart failure symptoms or signs requiring continuous intravenous treatment or oxygen administration; (c) confinement to bed but only if confinement is for heart failure symptoms; (d) pulmonary oedema sufficient to cause tachypnoea and distress not occurring in the context of an acute myocardial infarct or as the consequence of an arrhythmia.
3.2.1.3. Death from myocardial infarction-Death occurring up to 28 days after a documented myocardial infarct. Deaths from a myocardial infarct occurring as a direct result of an investigation, procedure, or operation will be classified as a death caused by myocardial infarction and a procedure related death.
